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A SUMNIARY of the actions of these drugs involves a survey of well-establishe(d
conclusions and a critical examination of contrary opinions. Although experiments
which appear to give opposite results are ofteniln fact not comparable because
of differences in technique, contradictions sometimes occur when such differences
are not apparent; and, in that case, reference to individual papers is hardily possible
without reference to all. Completeness of outline is thus prevented by the futility of
trying, wvith limited space, to give a fair presentation of evidence in controversial
matters.
SOURCES AND NATURE.
Many plants of different natural orders conitain poisonous principles with a
similar characteristic action on the heart, anid some of them have been tised by
uncivilized races as arrow-poisons, or for trial by ordeal. rhe active substances in
such plants are nearly all chemically related glucosides, several of which are often
foun(d in the same plant. These drugs form the dligitalis group, thoughl only) a few,
of them ha-ve v,et obtained a firm foothold in medicinie. A niumber of animal products
also have a digitalis-like effect, but are niot of thlerapeutic importance; while
calcium and(I barium have actions on the heart whlich resemble in some respects the
actionI of dligitalis.
Great difficulty has been experiencedl in separating andcl purifying the various
glucosicles, but some have nov- been isolated and others at least identified as
(lefinite substanices. TIhe chief glucosides of ther-apeutic interest are incltlded in the
followilng list:-
Digitalis pitrpurea. I)igitalis kslanat(a Strop/iant/lits Sqinill
Digitoxin Digoxin k-Strophanithin Scillaren A
Gitalinl (from Digilanid A g-Strophanthilln Scillaren B
Gitoxin Digilanid B
Digitalini (fromii the seeds) Digilanidl C
Gitoxin
[Ihe actions of these suLbstances resemllble eachl othei- closely. TIheyl differ- in
Luanatitatixe and(l time relationis, but 1not in essenitial clharacter. I'he glucosides
are extremiiely poisonlous. Thleir ullusual toxicity' would be muclh mlore apparenit if
they could reach the heart xvithout loss. Digitoxini appears to be the most active
of the I). purpurea group (Nativelle's (ligitalin is probably digitoxin), and the
lainata glucosicles are perhaps rather mlore powerful. Tlhe glucosi(les of squill
(especially scillaren B) are more powerful than those of cligitalis, and the
strophanthus group have, in general, about the same activity as those of squill.
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The lethal dose of these glucosides is much greater wvhen given orally than when
given by intravenous injection. Part of the drug is destroyed in the alimentary
canal-probably more in the stomach than in the intestine-and part may be fixed
by the liver, although this is somewhat doubtful. But loss of activity is due chiefly
to slowniess of absorption, tvpical of the group, which is in striking contrast to the
rapid absorptionl of alkaloi(ds. Strophantlin is absorbed even more slowly than
digitoxini, and this explains the uncertainty of its action when preparations con-
taining it are taken by mouth.
Pardee8 found that when digitalis tincture w%as given in a dose of one minim per pound
body-weight, the earliest electr-o-cardiograplhic sign of ani action appeared in twvo to four
hours. The miiaximum effect was reached in six to seveni hours, and seemed to be maintained
fo- twxenty-four hours.
WIhen the glucosides are injecte(l they disappear quickly from the blood, not
because they are destroyed, but probably because they are taken up by the tissues.
lThe quantitative distribution in various tissues has not been finally established.
'Fhe heart seems to have the greatest retaining power, the abdominal organs less,
and-the lungs nione. The skeletal muscles are much inferior in this respect to the
abdominial organs, but low specific fixation is more than compensated by their
preponderance in the body. Weesell thinks that the glucosides may pass but once
through the coroniary circulation, because the blood may be cleared of them before
it can return, and may contain, therefore, only freshly absorbed glucoside. This is
not true when toxic amounts are given, and probably not even for therapeutic
dosage, but it may be near enough the truth to indicate how small a proportion of
the total dose has a chance of affecting the heart. And, in any case, only about ten
per cent. of the whole circulation goes through the coronary arteries, so that much
of the drug can be fixedl by the tissues without reaching the heart-muscle at all.
rhe glucosides are slowxly destroyed in the body, though there seems to be Ino
direct evidence that any organ is specially concerned with their destruction. Traces
are excreted by the intestitne and kidneys, but excretion plays a subordinate part
in their removal. A relatively large amount may reach the intestine in the bile, but,
if so, the greater part of this is reabsorbed.
The duration of the effect of a single dose, anid the possibility of accumulation
when (loses are repeated, will depend on the balance between rate of removal from
the body and rate of absorption, and, in particular, on the tenacity with which the
drug is retained by the heart-muscle. The digitalis glucosides accumulate more
than those of strophanthus or squill, and the lanata glucosides do not seem very
different inl this respect from digitoxin. But evidence favouring accumulation is
derived chiefly from determinationis of the percentage of the lethal dose still needed
to cause the death of animals which lhave already, some days previously, been given
a known percentage of the lethal dose; and recent observations suggest that this
may be evidence of accumulation of injury and not of the glucosides. Thus, three
days after a toxic (lose, areas of necrosis may appear in the heart-muscle, due,
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may be increased on the first or second day after digitalis has been given, but later
thete mav be observed a progressive decline in the functional condition, which
corresponds to the onset of morphological changes.1, 2, 12 In therapeutics, how-
ever, accumulation of effect is more likel) to depend on accumulation of the drug,
anid deductions fronm the pathological results of toxic dosage must be made with
caution.
Clinical experience has shown that the heart is more sensitive to digitalis in
disease than in health. Even when compensation has been established, increased
sensitivity remains. And this is confirmed by animal experiments in which cardiac
insufficiency has been produced.
No drug removes completely the effects of digitalis, though a few are partial
antagonists (quinine, quinidine, etc.). Sympathomimetic drugs may increase the
tendency to fibrillationi. Stewart andl Rogoff9 found that irregularities caused by
strophanthin disappeared when the outflow of suprarenal secretion was prevented,
and appeared again when adrenialine enteredl the circulationi.
There is no clear experimenital evidence that digitalis protects the heart against
either ansesthetics or bacterial toxinls.
ACTION.
Rate.-The reduction of heart-rate with moderate doses of digitalis is prevented
in mammals by section of the vagi, or by atropinie. Action through the vagus has
been attributed by Cushny3 to direct stimulationi of the vagal centre; by StraublO
to an i;ncrease in the sensitivity of the heart to unaltered vagal impulses; by Hering,5
Heymans,6 and their co-workers tc reflex vagal stimulation initiated in the carotid
sinus bv a rise of blood-pressure. The reflex theory is well supported by experi-
mental work; and although in manl a rise of blood-pressure is not observed withi
therapeutic dosage, it may in fact be abolished by the reflex which it causes. Onl)
a small stimulus is needed, for the slowing of the pacemaker is niot great, and the
heart may be more sensitive to vagal stimuli, as Straub believes. TIhe treatment of
auricular fibrillationi with digitalis results in a greater decrease of pulse-rate, wlhich
has, however, a different origin.
Tone and Contractility.-Moderate doses of the glucosides cause apparently an
increase of tone and strength of contraction but, in health, no increase in the
output of blood from the heart. The size of the heart-shadow is thus reduced and
the displacement of the cardiac border more evident, while a fall in the circulation-
rate often occurs. In cardiac disease the heart-shadow showsNs similar changes tinder
dligitalis, but these are more definiite because dlilatationi is relieved. Either an
increase or a decrease in circulation-rate may be observed, the result depending,
perhaps, on the degree of cardliac failure that existedl. TMore powerful contr-actions
need not augment the output of blood, because, if the tone is greater, diastolic
filling may be less complete; whlile extracardiac factors influence the return of
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importance, also, is the observation that both in health and(i in cardiac disease,
cligitalis can lessen the actual quanitity of circulating blood, probably by increasing
storage in various reservoirs.
Wod llhiiI13 (lescrilbes two types of (lecomp-ensation. In otn ty)p (associlatd with hypel-
lollLIS, aortic ilsuffici ocY, etc.) thit.mnount of blood it t1. c-irculation is inicreased, and tef
effect of digitalis is beneticial. In tief other, usually cyanotic, type (associated with pulmonary
or tnitral stenosis and othet- conditions) the circulating 1b)l1d is reduced, and digitalis has -an
Unfavourable effect.
Ihe powerful contractionis, hiowxever, citable the lheart to eimpty itself imiore- corin-
pletelv, so that, without chaniges in rate, venous flow, anid arterial resistance, the
siame aill)ounlt of blood may be expelled front a smaller- cardiac volume.
Conitraction is iitore rapid an(i the emptyig timiie is slhol-ter- when tlherapeutic
(loses ol (ligitalis have been given. TIhe miaximumi intraventricular pressure is
probably higher.
Ih1e incl-rase iln toite anitt inl Pow\er of conltractioil is tlle resclit of a (lirect actioit
of the glticosides on the miuiscle of thle heart, anid is not prevttltedl by atropinie or by
\agal section. A\ecordino- to (IustlN-,4 the normal hleart often relaxes more coni-
pletelV unlder digitalis, but this is due to stimnulation oft' the vagus antI is not obser-ved
after atropine. Since the heart Would thus conitaini mlore blood, the output per beat
would be greater, even if the power of conitractioni Were uliialtere(d;c; aon01luLsionl
apparently not in harmiony with more recenit observations of the eilects ol tlhera-
peutic dosage in nornmal mani. In any case, there seemlis to be general agreement
that when the heart is dlilated, the direct actioni of digitalis reniders diiastole 1ess
complete and so reduces the dilatation.
Conduiction .-Conduction of impulses from the auricle to the ventricle is depressed
b) stimulation of the vagus. In mammals, if the heart is normal, digitalis acts oni
conduction through the vagus, and its effect is therefore removed by atropine, while
very large amounts of the drug are needled for a (lirect actioln on the conductinig
fibres. In (lisease of the heart, howvever, andl in certain experimental conditions, the
glucosicles appear to act directly on conductioni, and atropinie (loes niot prevent the
effect of therapeutic doses.
No othier action of digitalis ha<ls so great initportance in tr-eatinent. Whert auricular fibr-il-
lattion occurs, very nuntierous andl ir-r-egular- impuls-s are generated in the auricle, and thesf
cause frequent and irregular contractions of the ventricle. The filling time between the con-
tractions is too short, and partial failure of the circulationl results. If the conducting
mechanism is depresse(d by digitalis, manv auricular impulses never reach the ventricle, and
;I slower aInd niore regular ventricular rhvthm is established; while fibrillation of the- auricl
conltinues hut does not involve cirCJla,torv failure.
In auricular flutter- a similar l)artial block may be produced bY digitalis, and tlte pulse
become less fretluent swltile the auricular rate is maintained. But often, under digitalis, the
flutter passes into fibrillation, and if treatmetit is then stopped the auricle may resumee it.-
normial rhythm.
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GIrregidarities c(ausetd byx' djigig(llis.-SinLuS irregularities sometimiies occur an(l
affect the whole cardiac rhythm. They are dute to an actioni through the vagus, an(d
are removed by atropine.
I[he tendency to sponltaneous contractioni is increased, and extrasv-stolas inay
originate in any part of the cardiac muscle-more commonlv, howvever, ill the
ventricle than in the auricle. One of the most requelnt irr-egularitics is bigeminzal
rlhythm, in xvhich each1 normal beat seems to arouse an antogenous beat, so that
extrasvstoles alterniate wvith normal contractionis. Very rarely auriCtIlar fibrillation
lias appeared in patienlts xwho hiadl previously a regiular rhytllm.
lPulsus alternans is also a rare OCCUrr[lWenc in treatimlen't \with (ligital is. Ill anlimilxal
experimenits a similar coniditioni is observed occasionally as ani anitececlenit to partial
block, but its significanlce is uncertain.
Depression of con(luctivity in the A-\ buIn(dle, thOU>L1 valuable in auricula r
fibrillation, nlav be objectionable in otlher (lisor(lers. IPartial block is ofteni at first
of inhibitorxy origin, an(l (an be relieved by atropine; but with higlher (losage of
(ligit-alis a (lirect action onl the conduclCting fibres may supervene.
Eljec nit i/i c/M e rn-ca ri/i u un-I here is apparltntlv Io fiX((l I elatinn bet\xxCenl
dlosage and electcro-eardliographic changes; great (quan1titative (did erences arc
observed, not onlx' w\itll (lilter-ent glucosides, but also in (liferenit inlividudals,
although l (JUalitatixvlv the efects are similar. \Whether these changes are the expres-
sionl olf a toxic or- at therapeutic actioin SeCeIs (lodloutftl. Inl some liiC Cal i1'eVstig a-
tions the P'-R interxal has beenl longer and the I-xaae fiattened or inxeilted, xxhile
(ithlcr observxations have revealed pal-tial A-V block b)tit 1)0 typical chlangc in thle
'-\\xax\e. And in tlc hnorimlal humanIl heart tihe T-xwave miax sho0xV I(I chlaracteristic
chan)c', exen \xxith toxic (losage. '[ihe importance of xvag'aI action cannot a e denied,
hlioig-lh Lag-en and Sanips1on'7 haVe foun0ld that thc electro-cardiog-rami of the chick
cimbrxo heart is afleeted inn mUclh the sameic xav by (litifalis, xxhether teste(I before
or after the ingrowxth of' nerve-fibres.
Effects af toxic- LInsao' i)i t 1/ic nainmia/it i licart.i-ai-xrestLlts of toXic (doses
correspoi)(l to the thlerapetutic elYects in mani. 'Ihe rate is redutced Unless inhibitorx
impulsies arc prex'ented fromii reachlniLn the heart ; wxxhile the contractions are stronge1r,
xxhthler the 'agi are CUt or in)tact. SoIllmtimes, at a later stag-e, inhiibitorx sloxill"
becollmes extremlle, s) thalt, cx en it each poC x e1rfl t1( 1,11 e expels 11)i'e bl0c ood, he11(
total oItpIt iS 1)0t mainuta in ld C(od(1ctiotn)beginis to fail and heart-blocnk appears,
at fii'st partial, tilhen coiliplete, xxitlt separa1Cte autincuienlai and 'en tritilat' rhythills.
Ihe spontaneitx of the cardiiac irinnscle is g-rcatlx' cxa-gerated, ai(l inhlibitorx control
is lost. tExtrasvstoles mav arise from any poinit in the heart, and the beats heconme
Imore amid more frequent andl irregular, tiitil the ventricle fibrillates ald blood is nO
loniger expelled.
V7on1itin,.-Vomiting is a clinical sigin of overdosage wvith (ligitalis. Its ocinir-
'ence is earlier- xith intraveniouLs tlhan xvith oral adminlistrationi, and this has l4d to
218the belief that it is induced by a central action. But, in contrast to apomorphine,
the glucosides have no emetic effect when applied directly to the vomiting centre.
These observations suggest that the stimulus is initiated at some peripheral point
outside the stomach; and an action on the heart cannot be excluded as a possible
cause of the reflex.
Ditresis.-In animal experimenits often nio dliuresis is observed; but when water
has been given previously, the glucosides may hasten its excretion and augment the
output of chloride. Even when diuresis occurs, the renal blood-flow is seldom
increased, though the oxygen consumption of the kidneys is greater.
Diuresis in cardiac oe(lema is attributed b) Cushny4 to the action on the heart.
Because the circulation in all parts of the bodv is improved, fluicl leaves the tissues
to enter the capillaries, and the kidneys responid as usual to dilution of the blood.
Cushny's view does not seem inconsistent with a decrease in the circulation-rate
sometimes observed in recent experiments. For the essential result of successful
treatment with digitalis is improvement in the circulation, however this mav be
revealed; and the advantage may well be derived from a fall in venous and capillary
pressure, so that fluid can be drawvn more readilv f'rom the tissues bv the osmotic
tension of the plasma colloids.
Against the cardiac origin of diuresis is clinical experience of differences in the
diuretic effects of various glucosides, without corresponding differenices in their
effects on the heart. But, while other actionis may be admitted as possible subsidiary
factors, the relief of cardiac cedema must depend ultimately on the degree to which
a normal circulation cani be approached, atnd therefore on the success with whicl
the Punction of the hea-rt can he reCstored.
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